Haloesterification of diverse diols with various carboxylic acids was achieved using potassium halides (KX) as the only halide source in ionic liquids. The best yield was obtained in [BMIM][PF6] when 1,2-octanediol, palmitic acid and KBr were used. This yield was 85% and the regioisomer with the bromine in primary position was present in a 75:25 ratio. The regioisomeric ratio could be improved using either KCl or some phenylcarboxylic acids. [BMIM][PF6] acts as both reaction media and catalyst of the reaction. To the best of our knowledge, this type of combined reaction using an ionic liquid is unprecedented. The other solvents tested did not lead either to the same yield or to the same regioisomeric ratio.
Introduction
Halohydrin esters are useful building blocks for the preparation of drugs, 1 surfactants, 2 epoxides, 3 epichlorohydrins 4 and nitriles. 5 Some conventional halogenation methods use halogen sources which are pollutants, and generate hazardous halogenated byproducts. 6, 7 Moreover, methodologies to synthesize these halohydrins esters are usually expensive multi-step processes. [8] [9] [10] [11] [12] [13] [14] [15] [16] In contrast, Eras et al. have developed a direct methodology to the stereospecific chlorohydrin ester formation. The method consist in one-pot esterification-chlorination reaction, in which chlorotrimethylsilane acts as a solvent, catalyzer and chlorine source. 17 Trying to avoid the use of chlorotrimethylsilane, our work was focused on developing a new friendly one-pot halohydrin ester synthesis using potassium halides (KX) as halogen source in ionic liquids (ILs). ILs are a greener alternative to volatile organic solvents and their solvent properties may be easily controlled by altering the nature of their cations and anions. 18 Moreover, ILs can act as a reaction catalyst. [18] [19] [20] ILs have been used in many organic reactions and their applications are continuously growing. 21, 22 Herein, we report the synthesis of halohydrin esters from different diols, carboxylic acids and KX in [BMIM] [PF6] as reaction media and catalyst (Fig. 1) . To the best of our knowledge, this type of combined reaction is unprecedented. The same reaction using other ILs was also studied without observing an equivalent process.
Experimental

Reagents and chemicals
1,2-Octanediol, 1-octanol, KBr, KCl, KI, KF, 1,2-pentanediol, butanone, 2-pentanone and 2-hexanone were purchased from Acros Organics, Barcelona, Spain. 1,2-Butanediol and benzoic acid were purchased from Fluka, Madrid, Spain. 18-Crown-6, 1,2-propanediol, 1,2-hexanediol, decanoic acid, ibuprofen, 
Apparatus
NMR experiments were carried out in a MERCURYplus AS400 MHz with an AutoSwithable 4 Nucleus Probe from Varian. HRMS analyses were performed in an AVG AutoSpec Micromass with EI and magnetic sector analyzer. Fig. 1 Haloesterification of diols using ILs and KX as halide source.
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General procedure
A mixture of diol (0.8 mmol), acid (0.4 mmol), anhydrous KX (2.0 mmol) and ionic liquid (0.8 mmol), conventional solvent (0.5 mL) or HF (0.014 mmol) was stirred at 100˚C for 48 h. 18-Crown-6 ether (0.013 mmol) was added at the beginning of the process when required. The reaction products were extracted with hexane, dried over MgSO4, filtered and concentrated in vacuo. Reaction products were analyzed by 1 H NMR, with a pw = 30˚ and dt = 10 s, determining the crude yield by the integration of the most deshielded proton signals of each product. Reactions with a high percentage of a halohydrin ester were purified by column chromatography (silica gel H60, hexane/ethyl ether). The purified products were characterized by 1 H and 13 Then, in order to improve the yield using [BMIM] [PF6], the reaction was studied in the presence of a crown-ether, 18-crown-6, a K + scavenger. The potassium complexation could increase the bromine reactivity due to either the ion dissociation or the increase of basic complex properties. 23 When this ether was used, a,b-bromooctyl palmitate yield increased from 43 to 85% (Table 2 , entry a), increasing also the 3a:4a regioisomeric ratio to 75:25. These results are in concordance with those described by Eras et al. in which the halohydrin ester having the halogen in the primary position was mainly formed. 17 Apart from a,b-bromooctyl palmitates, small amounts of hydroxyoctyl palmitates, 1,2-octanediol dipalmitates and bromooctanols were also obtained. However, the bromohydrin esters (3a, 4a) are easily purified using silica column chromatography. Although deeper studies could improve the yield and regioselectivity of the reaction, the described results are similar to or better than others described in the literature for preparing similar compounds. [PF6], a higher yield was obtained. However, the 3a:4a regioisomeric ratio was worse: 65:35. These results could indicate that the anion has the major effect in the performance of the reaction but that the cation also influences the reaction yield and its regioselectivity.
Results and Discussion
Since some degradation of [PF6] anion could take place with the consequent formation of HF, the reactions with HF without the IL have been tested. Although some reaction occurs (19% of bromohydrin esters of crude yield) it is not the same as in the IL, so the IL is needed to achieve the bromination-esterification reaction.
The reactions in some conventional organic solvents (acetone, tert-butyl methyl ether, dimethylformamide acetonitrile, butanone, 2-pentanone and 2-hexanone and some alkyl silyl ethers: HMTSO, HMDSO, MEDSO, HpMTSO) were also studied. In most of these organic solvents, no formation of a,bbromooctyl palmitates was observed. Only when HMTSO was used, a 3% quantity of bromohydrin esters was formed. We have also tested the reaction in HMTSO with the presence of 18-crown-6 ether, but no increase of the yield was observed.
Our interest was then focused on studying the scope of this reaction using the best IL in terms of yield and regioisomeric ratio. Consequently, the following three different set of reactions were carried out changing one of the reactive elements: palmitic acid, KBr and 1,2-hexanediol (1b), 1,2-pentanediol (1c), 1,2-butanediol (1d), 1,2-propanediol (1e) or 1,3-butanediol (1f). 1,2-Octanediol, KBr and acetic acid (2b), decanoic acid (2c), benzoic acid (2d), cinnamic acid (2e) or ibuprofen (2f). Palmitic acid, 1,2-octanediol and KCl, KI or KF (Table 2) . Bromohydrin palmitate formation was observed for all the diols studied with moderate yields, 40 -60% of isolated yield. Table 2 shows that the yield diminished as the carbon chain length of diol decreased. Nevertheless, bromohydrin ester with primary position halogen was always the main regioisomer. When the same reaction was carried out using other acids than palmitic, the yields also decreased.
In this case, the regioisomeric ratio depends on the carboxylic acid used. Cinnamic acid yields the lowest regioisomeric ratio. However, ibuprofen yields a bromohydrin ester with a 80:20 (4k:5k) ratio and benzoic acid yields only 4i, although the reaction yield was only 12%. When KCl was used as the halide source, the halohydrin ester yield (55% of isolated yield) was also moderate. However, a high regioselectivity, 80:20 (4l:5l) ratio was also obtained. However, no reaction was observed in the presence of KI and KF as halide source.
To study some aspects of the mechanism of this transformation, two different reactions were carried out using palmitic acid, KBr and either 1,2-octanediol or 1-octanol as reagents. Their progress was followed by 1 H NMR. The formation and then the gradual decline of the two monopalmitates were observed in the first case. The highest yield of bromohydrin esters was observed after 48 h reaction. When 1-octanol was used, the formation of the corresponding octyl palmitate was also observed. However, no 1-bromooctane formation was detected after 48 h reaction. The ester was recovered unalterated in this second reaction. If we consider that the putative bromo derivative was only detected for 1,2-octanediol, the presence of a diol system seems to be necessary to produce the halohydrin esters. The need for similar assistance has already been proposed by several authors to explain similar processes. 17, 24, 25 A feasible mechanism is outlined in Fig. 2 . Diol could be transformed into the monoesters followed by the formation of a dioxygenated ring (7, 8) , similar to those proposed by several authors. 3, 17, [24] [25] [26] [27] [28] These intermediates, in equilibrium with the open monoester, can tautomerize to 9. Afterwards, this compound could react with halogen ions present in the medium through a nucleophilic opening process similar to the one proposed by several authors. 17, [24] [25] [26] [27] Although the detailed catalytic function of ILs is not clear at this stage, the preliminary experimental results showed that bromoesterificaction in ILs is not only possible but also satisfactory. Moreover, polarity and H-bonding capability of the IL could have a big influence in the reaction behavior. 29 Polarity and H-bonding are dependent on both anions and cations present in ILs.
Conclusions
We have developed a hopeful and greener one-pot methodology for obtaining halohydrin esters from commercial substances using [BMIM] [PF6] as reaction media and catalyst. KX can be used as a harmless halide source. The reaction is fairly regioselective depending on the halide used. We have shown that the described reaction can be carried out with diverse diols and acids. The application of this methodology to glycerol and other polyols is underway. These studies will be reported in due course.
